These new technologies -as described in section 2 -are nothing short of revolutionary. For they facilitate the creation, diffusion and use of new ideas and products, empowering users -be them in their capacity as citizens, producers, consumers, as well as managers of firms, cities and governments. Countries will be faced with the challenge of creating an environment which is conducive to appropriating these technologies -no matter where generated -, and ensuring that their population is connected and has the means to use the available innovations.
The very concept of a "knowledge-based economy" 3 will change: using proficiently the new ICTs will possibly be of greater relevance from both a production and trading perspective than generating them.
For developing countries, the new-generation ICTs open the opportunity to at least partially bridge the gap with advanced economies, to the extent such ICTs will be both more affordable and user friendly. A fundamental step is to lower transaction costs, remove the barriers to the local supply of devices and services, and undertake joint public-private initiatives to radically facilitate connectivity with the internet. For the more fluid is the access to and exchange of information, the more individuals, firms and governments, will be able to explore the opportunity frontier -in terms of ideas, markets, and solutions to citizen's problems.
The object of this paper is to provide a basic understanding of the nature of emerging key ICT technologies, and establish the distance of countries and their citizens to high quality access to the internet -the necessary gate one needs to cross in order to make use of such technologies. Having crossed the gate, many are the possibilities, including the export of services, once the quintessential realm of very few developing countries -those with an elastic supply of English-speaking skilled labor.
After this Introduction, section II lists and briefly discusses the ongoing ICT revolution, and its dominant feature: connectedness and mobility. No single paper would be able to list the innovations streaming out of individuals, labs and firms, in what appears to be at an increasing rate. At this point, it is also still unclear if such innovations will allow developing countries to significantly bridge their distance to developed and emerging economies, while strengthening their position in the production and exports of goods and services. Still, some early evidence shows a narrowing trend, taking into account the dissemination of the smartphone, the multipurpose technology that may indeed help developing countries come closer to the frontier.
It is axiomatic that only by accessing the internet will countries be able to use ICT-related innovations. Access fundamentally depends on the ability to connect to mobile, wi-fi, cable, radio and other networks, using the most efficient means -the broadband (as opposed to earlier technologies, such as ADSL-based dial services).
In section III, the discussion focuses on where countries stand with respect to access to broadband services and along their quality gradient. It is unquestionable that progress has been made on both fronts, though it appears that coverage has moved faster than quality, quasi universally measured by speed at which data is transmitted. This paper thus describes the connectivity frontier based on two parameters -extent of broadband coverage and transmission speeds, and measures the distance countries stand to the frontier and over time.
Finally, section IV defines the new access paradigm -the ICT foundation for connecting people and markets. This paradigm will enable a far larger number of countries to enter service export markets, moving beyond the more traditional outsourcing model, of which India is the most successful case. The question therefore, is how to provide high quality, affordable, safe connection to the internet to the vast majority of the population of developing countries? 
II. The ICT Revolution in Brief
Few would question that there is an ongoing revolution in the ICT space with implications for the way we live, interact, consume, produce and manage firms, cities and other jurisdictions which are both momentous and unclear. Analysts struggle to bring together in a coherent way the implications for humanity of the flow of innovations due to the difficulty of establishing both their direct and roundabout effects beyond the short-term. Thus, any synthesis, as one attempted in this section, is fraught with difficulties.
One way to visualize the changes is to think about successive layers.
 The core of the "onion" is the process of codification and digitalization of information, now five to six decades old, and which allowed for information to be processed by digital computers, which for many years stood at the center of technological change. In the "computer age", the basic relationship was between people (and organizations) and the machine (with its prohibitive innards -the IC, and the software to run and perform tasks): P to M  The second layer was built around connectivity and mobility propitiated fundamentally by the growing ubiquity of smartphones. It is now at the center of the ICT revolution. The machine ticks by applications (apps) most of which are free and immediately accessible, a far cry from the earlier age of the computer and unfriendly software languages. All transactions are migrating to hand-held devices: selling and buying, respectively in market places and through e-commerce; paying, borrowing and depositing with financial institutions, bank and non-bank; interacting with government and other institutions; and becoming active parts of social networks. The organization is no more at the center, but civil society and individual initiatives backed by an expanding universe of opportunities. The connectivity and mobility layer may be summarized by the notion of people to people: P to P.  The final layer -the contours of which can only be sensed today -will be driven by artificial intelligence, the ability of machines not only to operate without human intervention, but to learn, reason, correct "mistakes", by interacting with the environment and other machines.
Individual robots are not exactly the expression of this outer layer, although they do capture the imagination, mainly as humanoids; it is the unmediated relationship among learning and adapting machines which will characterize this ICT. In this coming era, the fundamental relationship is machine to machine, without -costly and inefficient -human intervention: M to M. Maybe the most important aspect is how user friendly are most applications, which allow people with limited education to search for and manipulate information; transact in multiple virtual spaces; while substituting services for goods in economic activities.
 Information is the building block of knowledge: accessing it with the help of search engines (Google, Yahoo, Bing and Baidu, the latter in China, and Yandex in Russia) has already radically transformed the way people purposely strive for economic citizenship. And the intelligent use of information is leveraged by distance education as it becomes more available and affordable, allowing people to be educated/trained at a fraction of usual costs.
 Transactions which used to occur in physical settings are occurring in virtual platforms such as market places, Amazon and Alibaba being the quintessential examples, in addition to e-Bay and Flipkart (the latter in India); and they perform two fundamental roles: e-commerce, but as importantly, they host virtual stores at quasi zero cost, which dramatically lowers entry barriers. Those technologies are convergent in a fundamental sense: they point to facility of use and lower entry barriers, as initial fixed costs of setting up (and operating) a business venture or a manufacturing facility are substituted for variable costs, namely the purchase of a service 4 . To take advantage the first step is to connect to the internet, and connectedness has been at the core of "digital inclusion".
III. Access to Information and the Connectivity Imperative
It should be said at the outset that although ICTs are having a transformative effect on a global scale, many if not most countries still face significant barriers to make their most effective use.
First, the level of education and degree of literacy, which were once quasi binding barriers, have been softened by the ICT revolution through a multiplicity of user friendly applications, starting with search engines and the ability to look for answers for literally any question. Yet basic skills remain an important lever to make effective use of such technologies and appropriate extant opportunities.
Second, and possibly more important, are regulatory barriers which if not impede, make it more difficult and costly for people to purchase devices (mobile and otherwise), and connect themselves to the internet with the help of broadband providers. Finally, the provision of physical infrastructure -such as energy -is quite critical, although numerous initiatives are attempting to simplify the requirements for the use of new generation ICTs.
Increasingly (as argued in the final section of this paper) integration into global information, production and trade networks will depend on enlightened policies and bold public-private initiatives; and governments giving up pursuing contradictory objectives, such as protecting the telecom incumbents against new service providers or raising revenues by taxing imports of devices. Aligning policy and assuming a pro-active stance to enable citizens in developing countries cross the access gate is the first step to move towards a gradual convergence of opportunities among the digital -and income -divide.
communications, the widespread use of robots and other frontier components. See, for instance, Erik Brynjolfsson and Andrew McAfee, The Second Machine Age, W.W. Norton, 2015. Being this the case, developing countries would be left behind not only due to the difficulties inherent in using and maintaining such complex manufacturing technology, but the fact that the process becomes more knowledge intensive and value migrates to intellectual property products.
While the convergence over the "digital divide" is still in the future, the ongoing ICT revolution launches some bridges across the development chasm. Crossing them depends on developing countries closing in the connectivity frontierdefined in terms of the extent of internet access and the corresponding speed.
Let us discuss each in turn, beginning with the extent of broadband coverage. In this respect there have been pronounced gains among developing and emerging economies, mostly centered on mobiles (Table 3) . Taking the two extremes from a regional perspective, while in Europe in 2010 the "TAI" was 54.1 expanding to 107.8 in 2015, in Africa the TAI gains were far more pronounced, namely from 2.0 to 17.9, with the Europe/Africa ratio decreasing from 27 to 6 in five years. There is still a considerable gap, but progress in access seems unmistakable. World Bank data allows a look at a broader measure of access, namely the proportion of internet users for individual countries (Graph 3). In the last 15 years, emerging economies have narrowed the gap with respect to the U.S., South Korea and Hong Kong, with coverage growing at far faster rates. Indeed, while coverage in the U.S. grew by 4.5% p.a., South Africa expanded by 17% p.a., and China attained a rate of 25.3% p.a., with half the population still with limited access.
Quasi-universal coverage -that is 85% of the population -will likely to be achieved within the next decade. In this paper, the quality of access is measured by data transmission speeds (Graphs 7 and 8). While average speeds have increased, the relative gap between the more advanced and other economies seem to have widened in recent years, most likely due to the fact that as coverage increased, speed suffered, with most providers announcing maximum speeds, while traffic goes at far lower average speeds. Although coverage, driven by the dissemination of mobile devices, initially outpaces the ability of telecoms and providers to offer high quality access, progressively they seem to be catching up. Increasing speed generally depends on infrastructure investments, the return on which until recently was less attractive unless one could find large number of paying users willing to purchase traditional broadband and related services. A number of public and private initiatives targeted at developing economies are attempting to provide low-cost high quality (mobile) connections in order for them to jump over the speed barrier, which separates them from developed countries. Graph 9 relates average transmission speed with GDP per capita for 10 relevant economies, with most countries not diverging far from the fitted line. One significant exception is again Kenya, which consistent to its standing when compared to other developing countries with respect to coverage, stands above the curve for its level of income per capita. It is also a country with a number of public-private initiatives to provide better access and services. Despite the importance of the dissemination of hand-held devices and similar general-purpose technologies, their usefulness as a transformative instrument will still depend on robust connectivity and the quality of ICT infrastructure. Obviously, the technologies and platforms discussed in section II are not a deus-ex-machina of trade, be in goods or services. Nevertheless, they do provide the first breakthrough for developing countries that might shorten the long ascent towards relevance in world trade flows, beyond the now past commodity super cycle. As noted in the next section, countries would do well to mobilize resources required for universal access and high quality connectivity, and attract providers by lowering entry barriers, in addition to undertaking trade facilitation and related economic reforms to make sure that they capture ICT-opened opportunities.
IV. ICTs and Services Trade: a half opened door to developing countries
At the outset, it should be noted that services trade are already responsible for an estimated 25% share of global trade (and 55% in value added) and growing at rates significantly above trade in goods. It is therefore not hard to argue for the importance of countries investing in the enabling conditions to capture a share of this market. Among those enabling conditions, it appears that ICTs will play a critical role. 12 The GATS defines four modes of supply. Cross-border supply (Mode 1) covers services flows from the territory of one country into the territory of another country. Consumption abroad (Mode 2) refers to situations where a service consumer (e.g., tourist or patient) moves into another country's territory to obtain a service. Commercial presence (Mode 3) implies that a service supplier of one country establishes a territorial presence in another country. Finally, presence of natural persons (Mode 4) consists of persons of one country entering the territory of another country to supply a service (e.g., accountants, doctors or teachers). 13 The Role of Trade in Ending Poverty, pp 46-7. The reference with respect to e-commerce is Suominen, K. It is likely that in 10-15 years the changes propitiated by ICTs will far surpass our current ability to predict their impact on developing countries and their ability to access markets. Yet without putting in place a set of solid, enlightened and forward looking policies it is unlikely that countries will be able to capture the opportunities available in a fast growing market. Their role will be to attract service providers of infrastructure and services, and create an environment in which agents have both the incentives and the ability to procure the means to leverage the limited resources of these countries with some of the revolutionary ICTs, which bridge in new ways the development cleavage.
14 See The Role of Trade in Ending Poverty, op.cit.
Access is the foundation. This paper posits that what will propitiate people to acquire the skills to become ICT literate, more active citizens and respond to market opportunities is a commitment by governments to the access paradigm. In particular, access will be increasingly central to exploit possibilities in export markets hitherto simply unavailable, bridging geographical and economic distance, connecting buyers and sellers, this applying to the exports of goods and services.
Even though access is becoming more widespread as the price of mobile devices -smartphones in particular -become lower, it might be still too early to capture systematic evidence on its importance to service exports. Still, a simple correlation between the number of internet users and the export of services 15 in 2010-14 for a sample of countries is indicative that access facilitates or at least is associated with larger service exports (with a few exceptions -see Table 4 ). Correlation is not causality, but arguably, in this decade access is becoming a sine qua non to operate in export markets, and benefit from new technologies and platforms that are beginning to revolutionize commerce.
15 Business services; communication services; construction and related engineering services; distribution services; educational services; environmental services; financial services; health related and social services; tourism and travel related services; recreational, cultural and sporting services; and transport services. In this perspective, a starting point is an assessment of the country-specific barriers that discourage infrastructure investment, and reduce competition for the supply of devices (desktop and mobile) and the provision of services. To the extent that such barriers are significant or even binding, they need to be removed, insofar as the price -and quality -of products and services are determinant in their diffusion. In this perspective, policy and regulatory reform that attract investment in key infrastructure, and facilitates entry and promotes competition in both markets (devices and services) is the first step for countries to create an enabling environment for ICTs to play its potential. However, governments can go further by actively engaging key service providers -such as Alphabet (Google) and Facebook -which have plans to connect people in developing countries and more isolated regions a quasi-zero cost. It is their ability to rope in users/consumers -"the more the merrier" -and the enormous network economies of scale that are making them the economic powerhouses of this age. To a significant degree, by connecting people, they serve the public interest. If in the process they capture more consumers to their services, they also provide the means for low-cost digital inclusion.
Similarly, access can be "traded" for advertising time, mainly in urban areas. In other words, such areas can be "wired" and access be conditional on the willingness of users to spend time being exposed to ads. Governments can negotiate -in the name of its citizens -maximum free time for a minimum advertising time. In the face of limited resources, this may be regarded as a feasible -and pragmatic -way of cities (mainly) in poor countries to move up the digital gradient. There will be a growing number of possibilities of this nature in coming years, signifying one more avenue for digital inclusion and crossing the access door.
A final point: policy makers need to think creatively, "out of the box", to leverage its market and attract technologies which dramatically lower the cost of access, and in recognition of initiatives with similar objectives 16 . If in wealthier and more advanced economies local and even national governments may have enough resources to "wire" the country in recognition to the importance of high-speed access, in most developing countries that is not the case. Thus in addition to removing obstacles for people to access devices on the most competitive basis, and lowering entry barriers and promoting competition among service providers, including infrastructure investors, governments need to experiment with new models of public-private cooperation to bring the country the new access paradigm and improve the lives of their citizens. 16 Among the most important are the Telecom Infra Project, which look for connectivity solutions in strategic network areas such as access, backhaul, and core and management; and the OpenCellular, a Facebook initiative for a low cost open code hardware and software that will support from 2G to LTE network, amplifying mobile network signals, each box supporting up to 1500 connections, and covering a radius of up to 10 km.
